Innovations are considered under the current conditions as one of the key sources and drivers to strengthen not only the economic but also the social prosperity of countries and their competitiveness. The paper focuses on revealing the relationship between research and development expenditure and the level of global competitiveness and innovation activity of V4 countries. Secondary data representing the Global Competitiveness Index (GCI), the World Competitiveness Index (WCI) and the Global Innovation Index (GII) for the 2011-2016 period were used to assess global competitiveness. Indicators of gross domestic expenditure on R&D (GERD) according to each sector of performance were obtained from the Eurostat database. In the assessment framework of the global competitiveness and innovation activity of the V4 countries, the Czech Republic is the leader, as it has reached almost double the average spending on research and development (€ 280.92 per capita) compared to the average of € 158.84 per capita in the V4 countries. The results of the correlation and regression analysis confirmed the dependence between R&D amount and competition and innovation activity assessment of V4, and a direct relationship between R&D expenditure increase (GERD_T per capita) and the growth of values of the analyzed indexes was indicated. We have achieved the best results of our analysis in assessing the interrelationship between the Innovation Activity (GII) and all the R&D expenditure variants of V4 countries. Finally, we can conclude that the growth of R&D spending can make a significant contribution to increasing the competitiveness and level of innovation activities of the V4 countries.
Introduction
Authors Rajnoha and Dobrovic (2017) state that actual business environment has changed dramatically and depends especially on the performance in generating and utilizing new knowledge, information systems, innovations and management techniques and tools for creating the higher business performance.
Exploring the competitiveness-enhancing determinants has occupied the economists' minds for hundreds of years. Starting with Adam Smith's theories focused on specialization to neoclassical economists' underlying the need to invest in physical capital and infrastructure, up to the current interest in areas such as education, professional training, technological progress, macroeconomic stability, market efficiency, etc. (Schwab, Sala-i-Martin, et al. 2014 ). Authors Kravcakova -Vozarova, Kotulic and Sira (2015) emphasize that market economy is a competitive economy, thus competition is a crucial part of economic activity. By Kuzmisinova (2013) , global business environment provides many opportunities for expansion and application of comparative advantages. An important role in the use of these options is the ability to succeed in international markets through competitiveness of business entities and economy at all. In this context, Schultzova (2016) adds that one of the important assumptions for economic growth and longterm competitiveness is undoubtedly a stable, prosperous and attractive economic environment.
As reported by Sopkova (2012) , M. Porter published one of the first concepts of international competitiveness -Porter's Diamond Model. Even though it is focused on microeconomic factors, it also includes the role of the state. By means of this model, the author explains the nation's competitive advantage in certain sectors on the basis of six factors. However, four most important factors were finally identified as determinants supporting or defending the creation of comparative advantage of nations:
 factor conditions (human resources, material resources, capital resources, infrastructure),  home demand conditions,  firm strategy, structure and intensity of domestic competition (rivalry),  related and supporting industries supplying the inputs critical for innovation and internationalization of competitive conditions.
Methods for Evaluating the Competitiveness by Using Various Global Indexes
Early concepts of measuring competitiveness and innovation performance at the global level began to emerge since the 1980s. International institutions started to provide valuable and professional comparisons to subjects operating in the global economic environment to identify the business environment and competitiveness but also to compare and recognize the future trends of its development.
As reported by Gordiakova (2011) , despite the differences within the methodologies and approaches used to assess global competitiveness (e.g. by means of indexes with applications for statistical resources), most of the methods are associated with high multi-criteriality and complexity. According to Loo (2012) , the most respected organizations dealing with the assessment of nations' competitiveness at the global level are the World Economic Forum (WEF) and the Institute for Management Development (IMD). Both institutions use macro and microeconomic concepts to analyse the efficiency of the public and private sector as well as the overall infrastructure that forms and affects national competitiveness. Thus, national economies can be divided into three stages of development and two "in transition" stages based on the GDP per capita and the share of mineral goods in total exports (Gordiakova 2011 ). In addition, the individual subindexes' weights differ from each other on the basis of development stage economies, whereas the weights of individual indicators remain constant.
By author Parausic, et al. (2014) , the GCI indicator is based on "hard" statistical data and "soft" data. "Hard data" are completed from publicly available sources (International Monetary Fund, World Bank, UNESCO, World Health Organization, etc.) and normalized by point evaluation from 1 (worst) to 7 (best).
World Competitiveness Index (WCI)
The World Competitiveness Yearbook has been published by the Institute for Management Development since 1989 and it is regarded to be the most comprehensive report concerning the competitiveness of countries. Based on WCI indicator, countries are analysed and ranked according to their ability to use competencies and opportunities to achieve a higher prosperity (IMD 2016).
According to Loo (2015) , the overall WCI indicator is composed of four key factors, whereas each of them is made up of five subfactors (20 in total) with the same weight (5 %): To quantify the competitiveness of countries, the IMD relies also on secondary data and primary data. Secondary data are compiled from international, national and regional organizations. Primary data are compiled from annual Executive Opinion Survey (EOS) which provides actual and more detailed information reflecting economic reality in the country. The survey is sent to participantstop managers and answers are detected as a measure of agreement or disagreement with the prepared questions or statements (IMD 2016).
Global Innovation Index (GII)
As reported by , the Global Innovation Index project was launched by INSEAD in 2007 with a relatively simple goal of developing new approaches and metrics better capturing the richness of innovation in society and exceeding the traditional innovatory measures such as the number of PhD students, the number of published research articles, the number of newly established research centres, patents or the amount of R&D expenditures.
In general, the GII indicator relies on two main subindexes. The Innovation Input Subindex is represented by five input pillars capturing the elements of national economy that enable the implementation of innovative activities. The Innovation Output Subindex consists of two pillars, which are considered to be the results of innovative activities within the economy. Although the Output Sub-Index includes only two pillars, it has the same weight in calculating the overall GII score. Thus, the overall GII score is the simple average of both sub-indices. The individual input and output GII pillars are furthermore made up of three other subpillars: (Dutta et al. 2017 ).
Data and Methodology
The main aim of this paper is to reveal the potential relations between the R&D expenditure and the competitiveness and innovation activity development in the V4 countries (Czech Republic, Hungary, Poland and Slovak Republic) during the years 2011 -2016.
This article is primarily focused on the development analysis of: On the other hand, secondary data concerning the gross domestic expenditure on R&D (GERD) by sectors of performance over the period 2011 -2016, were retrieved from the Eurostat (2018) database. The private non-profit sector did not provide all the data necessary for the correct and complete comparison across the V4 countries over the analysed period, so it was not taken into account for the purposes of this research. Thus, impacts and consequences of R&D expenditure were analysed in terms of GERD (per capita) on average for:
In accordance to the above mentioned theoretical and empirical approaches to the solved issue, the following research task was set: Is there a statistically significant relation between the R&D expenditure and the V4 countries' competitiveness and innovation activity development?
For the purposes of further research analysis, a correlation matrix as one of the multidimensional statistical methods was applied. To reveal the interrelations and to determine the strength of interdependencies among the selected indicators, the Kendall tau non-parametric test of independence between two variables was employed. To process the above mentioned data, the STATISTICA software (version 13) was utilized.
Empirical Results
The following part of research is devoted to describing the results of performed analysis aimed at revealing the relation between R&D expenditure height (per capita) within the V4 countries and their competitiveness and innovation ratings by means of the GCI, the WCI and the GII indicators.
The Competitiveness Development Analysis of V4 Countries
The following part of competitiveness analysis was aimed at the development of GCI and WCI score within the member states of V4 countries during the years 2011 -2016. 
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The average score of the GCI indicator within the European Union (EU) countries reached the level of 4.73, but V4 countries' GCI value was only 4.38 on average. In addition, none of these countries was able to reach the EU average. One exception was almost recorded in 2015, when the Czech Republic nearly achieved this average, but it fell behind only by 0.06 score points. The highest average scores of the GCI indicator was reached by the Czech Republic (4.57) and Poland (4.49), whereas these values were fluctuating above the average of V4 countries. Over the analysed period, the Slovak republic occupied mostly the last positions with the average score of the GCI indicator at the level of 4.18. However, due to recent significant negative GCI score decline in the case of Hungary, Slovakia's position is constantly improving not only at the European level, but also within the V4 countries. 
When comparing the development of average R&D spending per capita by selected sectors, the V4 countries' financial resources in innovation activities were invested mostly in the Business enterprise sector (52.68 %), followed by Higher education sector (26.55 %) and only 20.18 % of total R&D expenditure was invested into the Government sector. The most R&D expenditure per capita was invested by each country in the Business enterprise sector, whereas Hungary invested the most (69.74 %) and Slovakia the less (39.14 %) of total R&D spending in the above mentioned sector. However, there are also visible differences in the case of Government sector. In this regard, Slovakia ranked 1 st (25.21 % of total R&D spending), vice versa, Hungary's investment represented only 14.21 % of total R&D expenditure. When evaluating the share of total R&D spending in the Higher education sector, Slovakia reached also the dominant position (35.35 % of total spending on innovation activities).
Results of Correlation and Regression Analysis
To reveal the interrelations and to determine the strength of the interdependencies among the selected indicators, the non-parametric test of independence between two variables Kendall tau in the STATISTICA software was employed. 
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Based on the correlation coefficient values only among the R&D expenditure according to individual sectors of performance and the GCI indicator, a statistically significant dependence was confirmed. All correlation coefficients presented only small correlation intensity. Medium strong dependence was confirmed between the WCI indicator and R&D expenditure in the Government Sector and Higher Education Sector. Correlation coefficients also confirmed statistically significant relations among all variables within the GII indicator and R&D expenditure (including individual sectors). In the other part of the correlation analysis, the statistically significant dependence of R&D expenditure in relation to GII indicator with large intensity was proved. We detected the medium significance dependence in the case of GII index to two other R&D sectors (GERD_G, GERD_E). All GII indicator dependencies were identified at the significance level of p < 0.01.
When monitoring individual impacts, importance is not attributed to each factor. Therefore, it is appropriate to include factor weights when analysing the additive, multiplicative, and combined interactions between financial metrics. Then, a multicriteria assessment of the financial level of business entities could be possible according to the established preferences (Stefko, Jencova, Litavcova and Vasanicova 2017). Thus, the next part of this study was dedicated to the analysis between determined (dependent) variables (GERD_T, GERD_B, GERD_G, GERD_E) and independent variables (GCI, WCI and GII indicator) using the regression analysis. 
It can be stated that all linear regression models (see Table 2 ) are acceptable according to the Fisher's test criterion at the selected significance level of α = 5 % (p = 0.00). The determination coefficient explaining variability of the dependent variables (GCI, WCI and GII) reached the highest value of 76.36 % in the case of GII index expressed in the following regression model:
GII = 37.8319 + 0.0546 GERD_T.
This regression model indicates that increasing the total R&D expenditure (GERD_T) by one unit will cause an increase in the GII's value by 0.0546 units (p = 0.00). Regression model also indicates (see Table 2 ) that in the case of zero R&D expenditures, GII index within V4 countries would achieve an average level of 37.8319 (p = 0.00). The directly proportional relations between the growth of R&D expenditure (GERD_T) and the growth of the WCI and GCI indexes were also confirmed.
Conclusion
The article was devoted to revealing the potential relations between the R&D expenditure and the competitiveness and innovation activity development in the V4 countries.
Based on the performed competitiveness analysis over the period of 2011 -2016, it can be stated that V4 countries' development by means of the GCI and WCI indicator was almost identical. In most cases, the Czech Republic reached the highest indexes' scores and ranked 1 st . Poland was identified as the biggest competitive rival of the Czech Republic. On the contrary, Slovakia was considered to be the weakest member of the V4 countries, even despite worsening Hungary's GCI competitiveness development. The V4 countries' positions were the same in terms of R&D expenditure as in the case of GII indicator evaluation analysis. Over the period of 2011 -2016, the Czech Republic invested in R&D activities € 280.92 per capita (regardless of the performance sector) and it was considered to be the innovation leader within all the countries analysed. On the contrary, the total R&D expenditure in Poland reached the lowest height (€ 96.40 per capita). In terms of the structure of individual sectors of performance, the V4 countries' financial resources in R&D activities were invested mostly in the Business enterprise sector (52.68 %), whereas Hungary invested the most (69.74 %) and Slovakia the less (39.14 %) of total R&D spending in the above mentioned sector. Thus, Slovakia reached the dominant position in the case of R&D expenditure in the Government sector (25.21 %) as well as in the Higher education sector (35.35 %).
In this regard, authors Lapinova, Varga and Sarkanova (2016) point out to the initial assumptions for the process of supporting innovation potential in the Czech and Slovak Republic. This process depends mainly on the quality and quantity of human resources and on the intensity of R&D funding. The results of study provided by Hunady, Pisar, Musa and Musova (2017) strongly suggest that higher regional GDP per capita is associated with higher regional gross domestic expenditure on R&D (GERD) per inhabitant that appears to be exponentially rising with regional GDP per capita in Visegrad countries. Authors also emphasize that for the long run growth, it is necessary to maintain balance in all components of R&D expenditure in sufficient amount. Author Szarowska (2017) quantified the impact of public research and development (R&D) expenditure on the economic growth of the 20 selected EU member states. The results confirm positive and statistically significant impact of government R&D expenditure, which is the main driver for economic growth during the analysed period.
However, the level of innovative activity of countries cannot be judged solely in terms of R&D expenditure. It is important to set up their appropriate amount, structure and interconnection with qualified human resources, innovation strategy and business environment. (Sofrankova, Kiselakova and Cabinova 20017).
The results of our correlation and regression analysis confirmed the relationship between R&D expenditure and evaluation of competitive and innovative activities of the V4 countries and indicated a directly proportional relationship between the increase of total R&D expenditure (GERD_T) and the growth scores of selected indexes. The most significant results were revealed within the relationship between the assessment of innovation activity (GII indicator) and all variants of V4 countries' R&D expenditure.
Based on the results, we recommend increasing Slovakia's R&D expenditure especially in the Business enterprise sector to the average value of V4 countries (52.68 %) as it has a significant impact on improving the evaluation of GII and GCI indicators.
In this context, the following possibilities to increase innovation performance of V4 countries were formulated:
 increasing the total R&D spending to at least 3 % of the GDP average of the EU countries, as set out in one of the main priorities of the Europe 2020 Strategy,  increasing the private funding share of science and research as the public 
